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Depreciation Based on Unit Cost
(Concluded)
By A. W. Moser

The results obtainable by the procedure developed so far
hold good only if the wasting asset under consideration behaves
as the average unit of its type under normal conditions, to which
correspond the yearly averages of output and costs of operation
used in the calculations. Adjustments to or modification of a
depreciation schedule based on those averages are therefore essen
tial whenever the actual results deviate from the forecast. And
the actual results usually do deviate, although costs of labor and
material may have remained stationary, as I shall assume, so
that adjustments would rather constitute the rule than an excep
tion. Also exact averages are often not known in advance.
Hence arises a serious drawback for the method, as it would, in
fact, only cover certain theoretical cases and not the great
majority of those occurring in practice.
With this point in view a brief analysis of the expression for the
unit cost X will be helpful. It is clear from the outset that as
long as operations do turn out normal or average, then and only
then will the preconceived schedule be applicable without adjust
ments. This is not to be expected in practice, however, as I have
already stated; even under normal conditions there will usually
occur greater or smaller variations, and the production will be
either higher or lower than expected. Similarly the operating
costs will vary.

From formula X =

it follows, then,

that if in any one year the output Y has fallen off, without a cor
responding decrease in operating costs 0r or if the latter have
risen while the output has not increased accordingly, X will have
increased for the period, always provided that the unit costs for
labor and materials have not changed, as is being assumed. The
reverse may happen, too—that is, a decrease of X. Any such
variation in unit cost is translated by the relation
Dr = XYr-Or-Ir
into a corresponding decrease or increase, respectively, of the
periodic depreciation burden, as in that formula the original value
110
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of X appears. A glance at that formula will confirm these conclu
sions. Hence there would be no guarantee that enough was being
written off each year in order to bring the book value down to the
scrap value by the end of the service life of the asset. The method
would be inadequate.
It would not be defensible, however, if the average unit cost
had increased, to lessen accordingly the depreciation burden for
the period, or to raise it in case a reduction in unit cost took
place, which actually would result by simply using the expression
for Dr because such an increase or decrease in operating costs
would not at all affect depreciation. Cases otherwise would be
conceivable with Or at such a level as to make Dr as small as might
be desired, even zero in extreme cases. For instance, if a certain
machine normally requiring one man for its operation should for a
given period be attended by two men, simply as the result of a
defective organization and without increase in production, it
would be unreasonable to decrease accordingly the charge to de
preciation. This could not be tolerated. The output, instead,
must bear the excess cost or be credited with a saving in opera
tions, whatever be the case. The need of adjustments appears
the more essential.
It would not be practicable to try to correct this situation by
adjusting or modifying some existing depreciation schedule,
because such a course would turn out to be the rule already stated
and would entail much labor and possibly serious complica
tions.
A simpler procedure is required and will be offered in the follow
ing pages. Although not rendering the principle of the unit-cost
method in a mathematically accurate way, the deviations will
remain trivial. The plan is based on the contention that depre
ciation should be completed as soon as the output of a given equip
ment has reached the predetermined total for its entire service
life. Thus, if an automobile is estimated to give a total of 35,000
miles, the contention would mean that by the time the machine
has run this total mileage it should find itself depreciated to scrap
value. If it can economically serve thereafter, all the better;
if it must be discarded earlier, a certain loss in comparison with
the normal expectations will ensue. The machine would then not
have performed as the average unit of its type.
Denoting the actual results for the rth year by Y'r for the output
and O'r for the costs, the depreciation charge for the period accord
111
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ing to the simplified procedure now to be explained, instead of
Dr will be

The expression is self-explanatory. It means that an amount
composed of Dr, plus the estimated average depreciation per unit
of output multiplied by the difference between the actual and the
estimated normal output should be taken as actual depreciation.
In this way irregularities in production will be taken into account
in such way that the depreciation adjustment ∆Dr will bear more
or less the same relation to the difference in output as that in
which the normal, average depreciation Dr stands to the normal,
average output. Possible inaccuracies resulting from this pro
cedure with respect to the unit-cost principle will remain insig
nificant, since it extends to the portion over or under the normal
and since this part will not as a rule take on preponderant propor
tions. If the actual output exceeds the forecast, then D'r>Dr;
if it is less, then D't<Dr.

Inasmuch as

, if the

expectations as to total output and total service life are fulfilled,
there is also

Thus the steps for applying the unit-cost method of depre
ciation as explained in the preceding paragraphs may be summed
up as follows:
(a) Get the statistical data for output, operating costs and
scrap value for each year of service life of the asset;
(b)
From equation (5)

determine n so that X becomes a minimum. To this end, com
pute X for n = l, 2, 3 . . . etc., until it ceases to decrease.
112
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Frequently, n is known in advance so that the calculation will
be much shortened, inasmuch as X can then be computed at once;
(c) Determine and list the theoretical interest and depreciation
charges I1, I2 ... In and D1, D2 . . . Dn respectively;
(d) At the end of each year, with the actual results at hand,
compute the actual depreciation burden D'r from formula (7)

where Y'r states the actual and Yr the estimated output for the
year.
It will always be desirable for best results, of course, to get the
original estimates as accurate as possible; but too much emphasis
need not be placed on this point. As explained above, inaccura
cies of original estimates can only be of secondary importance,
due to their marginal character, with consequent errors in results
moving within very narrow limits; and, naturally, differences be
tween actual output and estimates become less weighty than
might have been expected. An error in results would mean a
slight shifting of the yearly depreciation charges. And some data
in regard to future performance of an equipment under average,
normal conditions is usually available. So it will always be
possible to construct, at least roughly, a schedule for the normal
output, operating costs and scrap value for each year of service
life. As time goes on and more experience is gained, improve
ments, when desirable, may be effected and be kept in mind for
future plannings.
Before demonstrating the adjustment procedure by examples
let attention be given to a special feature incidental to the method
described.
The method requires that each year data on the output and the
operating costs for the period be available, preferably for each
individual service unit, not only for the sake of future estimates,
but still more for the purpose of closely following each unit’s be
havior, so that corrections can be promptly made whenever neces
sary. Even in places where such a control is already provided
by the cost-accounting system, the method of depreciation indi
cated will indirectly prove useful in this respect, inasmuch as, for
its carrying through, facts are to be looked for and conditions
113
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made apparent that otherwise might find only cursory attention
or never come to light. This fact in itself is an advantage more
than worth some extra work, if any, for assembling the data.
The control referred to will become even more forceful if a com
parison is periodically effected between the actual depreciation
charges D'r and the ones that would be furnished by the relation
(without any adjustments)

D"r = XY'r-O'r-Ir

(8)

D"r—D'r >
< 0, according to whether the relative operating costs
for a year have been lower or higher than indicated by the esti
mates. In accord with the foregoing explanations, what is now
designated by D"r contains, besides the proper amount of depre
ciation, the excess of or saving in operating costs with respect to
the estimated averages of a period. These excesses or savings,
respectively, are in fact the equivalent of the difference D"T—D'r,
the entire life period viewed as a whole. These “overs” and
“unders” may be tabulated in account form, whereby an in
structive picture of the operating efficiency of a plant will be built
up and at the same time a general check on the cost of production
may be established.
As exemplification of the results from adjustments outlined,
let the previous problem be considered, modified so as to form
three distinctive cases:
(a) The individual years of service life show deviations in out
put and cost of operations from the adopted averages,
but the totals remain the same, including the life period n.

C=$10,000, i = 5%
Year

1

0......................................
Y.....................................

5000 4800 4400 4000
1500 1200
950
700

2

3

4

5

∑

3350
500

21550
4850

The table on page 115 contains the different values to be
considered.
The schedule shows marked variations of the unit cost for the
individual years with respect to the averages. From its inter
pretation it follows that the cost of production was relatively
114
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lowest (with a saving) the first year and greatest the fifth year
(with a loss). In regard to the latter period it should be noted
also, for the sake of comparison, that even by keeping depreciation
at zero, that year would have required an extra outlay of $249.05
in order to equalize the year’s unit cost with the average. If,
however, experience should show that the conditions as presented
in this illustration are the ones that should be taken as normal
and average, then a different average unit cost X would possibly
ensue and produce different normal depreciation burdens Dr.
D"r
D"t-D't
Dr
D'r
Year Formula (4)
(8)
Total
Per unit
(7)
of output
1................. 1929.90 2764.90 4144.85 1379.95 0.92
2................. 1926.40 2260.40 2512.38
251.98 0.21
3................. 1551.40 1551.40 1401.40
150.00 0.16
4................. 1719.40 1218.40
290.42
927.98 1.32
5.....................
972.90 304.90
249.05
553.95 2.77

8100.00

8100.00

1631.93
1631.93
(b) The variations are such that the estimated total of output
is reached before the beginning of the fifth year, the same
as the total costs.
2

Year

1

0............................
Y...........................

5500 5500
1500 1400

Dr
Year Formula (4)

1....................
2....................
3....................
4....................
5.................

1929.90
1926.40
1551.40
1719.40
972.90
8100.00

8100.00

5

3

4

5400
1100

5150 discarded 21550
850
4850

D'r
(7)

D"r
(8)

2764.90
2594.40
1801.90
938.80

3644.85
3098.36
1365.89
9.10

8100.00 8100.00
115

D"r-D'r
Total
Per unit
of output
879.95 0.58
503.96 0.36
436.01 0.40
947.90 1.11
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The depreciation has been completed as soon as the normal total
output has been reached.
(c) Both the total of production and operating costs fall short
of the estimates by the end of the fifth year, the produc
tion relatively more than the costs.
n

1

2

3

4

5

∑

6

4000
1000

4000
900

4100
1000

4300
900

4200
700

20600
4500

4500
700

Year
0................ ....
Y................ ....

Dr

Year Formula (4)
1.
2.
3.
4.
5.
6.

.
.
.
.
.
.

.
.
.
.
.
.

..........
..........
..........
. ..........
. ..........
..........

D'r
(7)

D"t
(8)

1929.90
1926.40
1551.40
1719.40
972.90

1929.90
1759.40
1634.90
1552.40
638.90
584.50

1929.90
1383.41
2022.90
1276.41
186.93
.93

8100.00

8100.00

6800.48

D"r-D'r
Total Per unit
of output

375.99
388.00
275.99
451.97
583.57

0.42
0.39
0.31
0.64
0.83

Since the total output by the end of the fifth year is only 4,500
instead of the normal 4,850 units on which the calculation of the
unit cost X was based, there results a deficiency of accumulated
depreciation charges at that moment amounting to $584.50.
This sum must either be taken as a loss, if the asset is now dis
carded, or it may be worked off by continuing it in use the sixth
year, if the operating conditions and those of the equipment make
it advisable. In the present instance it would appear that either
the service unit did indeed not perform normally or that the
operating conditions were not average and normal, as in each year,
except the first and third, the unit cost turned out higher than,
standard, or the estimate as to what is normal was inaccurate.
Any departure from the adopted standards is naturally apt to
attract a vigilant management’s attention and to create a desire
116
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for information about the possible causes. This in turn may lead
to prompt relief of possibly unhealthy conditions, if the discrep
ancy was of an unfavorable nature, meaning higher production
costs; or to the adoption of improvements, if the deviation was in
a favorable sense, meaning lower production costs.
As earlier explained, the depreciation will be virtually com
pleted when the asset has served the total service that was origi
nally expected. If after that time it is still in a condition to be
operated at normal cost it is true that no further depreciation
charges on this asset are required; but the situation should not be
considered as though the unit of output could now be furnished
that much cheaper. Instead, the gains thereby made possible
should be husbanded to take care of losses caused by reverse situa
tions, i.e., premature abandonment of equipment, so that it would
appear logical to continue charging the operations with deprecia
tion and to collect the corresponding amounts in what might be
called a fund for contingencies. These latter charges are then
to be determined by means of formula (8), the expression for D"r.
Another point to be considered refers to the possibility that it
may often prove undesirable to attempt keeping the average unit
cost constant, particularly if a property has a long useful life,
making it reasonable to expect that the unit cost will increase
within that time because of higher rates for labor and materials.
Suppose, first, that the increase in unit cost is to be expressed
by additive constants to that of the first year, so that
X1 = X1,X2 = X1+d2

. Xr = X1 + dr

Hence

or, with reference to formula (4)

117

The Journal of Accountancy
The only difference between this value and that given by (5)
is in the addition of the term

∑ drYr in the numerator.

The determination of n to make X1 a minimum, and thus the
unit cost for the remaining years as small as possible with the
increases as assumed, follows exactly the same steps as those
earlier explained in detail.
Special cases may be construed by assuming some particular
relation among the d’s, for instance so that d3 = 2d2, d4 = 3d2, etc.
Next suppose that the yearly increase shall be expressed in
percentage of the unit cost of the first year, i.e.,

X^Xx, X2 = k2X1, X3 = k3X1, . . . Xr = krX1
and
Hence

Dr = X 1 k 1Yr — 0r—Ir

or, with reference to formula (4)

whence
1
where k1 = 1.
The application of this formula again follows the course pre
viously explained.
Obsolescence

Depreciation due to obsolescence is not operative in every
kind of business and, therefore, can often be disregarded. Where
it is operative, however, as specially in the manufacturing field, it
would appear logical and desirable to include it in the deprecia
tion charge. And this seems to be today’s trend. R. B. Kester
in Depreciation says that the practice has the unqualified approval
of many public boards and at least the silent approval of our
courts. It may take on such an importance in certain cases as
to affect decidedly the productive parity of the business. It is
known that some of the largest producers of electric light and
power have been forced in recent years to throw out an enormous
118
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amount of equipment on account of its obsolescence, and this in
some instances, it seems, directly because of rate regulations
which were based on production costs under the most approved
methods and otherwise would not have allowed the producers to
make a fair profit. If not enough has been provided in the past
for depreciation, the future will be burdened with that deficiency,
in addition to the new equipment, which in turn tends to impair
future competitive parity.
Obsolescence is clearly a function of time alone, independent of
wear and tear by use, intensity of service, etc. Assuming, for
instance, the obsolescence to grow in direct proportion with the
time, then, if the average loss from obsolescence in the first year
of service life of an asset is bC, where Cdesignates the cost new and
b a percentage, the loss from this source by the end of the second
year will amount to 2b C, by the end of the third year to 3bC, and
so on. The question may then be raised as to the influence which
charges to that extent on account of obsolescence would have
on the average unit cost of production, and this in two direc
tions :
(a) Would it cause the life period n to change when this is so
determined as to make X a minimum?
(b) In what general relation stands the increase of X to the
percentage b?
To answer the first question consider that equation (5), the
expression for the average unit cost X, would receive an additional
term of this form

whose numerator increases from year to year in equal amounts;
roughly, the same thing is also true of the denominator. Hence
the value of this term is approximately the same for all ordinary
values of n. This in turn means that the increase of the unit cost
remains more or less constant for each year and that consequently
the life term of the asset generally will not be influenced by includ
ing the factor of obsolescence in the calculations.
As to the second question, it follows from the foregoing that
the increase in unit cost corresponds approximately to the ratio of
the quantity bC to one year’s output, i.e.=

119
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The condition requisite for the two conclusions is, as indicated,
that depreciation due to obsolescence progresses evenly with the
time.
Once the increased average unit cost is established, the total
depreciation burden including that from obsolescence, allottable
to each year, is again obtained by means of the general relation

Dr = XYr-Or-Ir.
To illustrate the point let b = 5% for the problem previously
used, with C=$10,000, so that bC=$500, n = 5 and all those other
34400
constants which gave a value of X = ——— = 6.429906.
5450

By the inclusion of the factor of obsolescence as indicated, this
value now turns out as
34400+5X500
5350

36900
= 6.897383,
5350

giving for

D1= 6.897383X1000-4000-500
=
D2 = 6.897383X1000-4100-500+ 96.50=
D3 = 6.897383 X 950-4250-500+193.00=
D4 = 6.897383X1000-4500-500+289.50=
D5 = 6.897383 X 900-4700-500+386.00=
Total
Less wearing value

Values
without
obsolescence
2397.38
1929.90
2393.87
1926.40
1995.50 1551.40
2186.88 1719.40
1393.63
972.90

10367.26
8100.00

8100.00

2267.26

If no obsolescence became operative during the life period of the
property, the accumulated depreciation charges would naturally
show an excess over the wearing value, equal to the difference be
tween the ordinary unit cost and the one with obsolescence in
cluded, multiplied by the total output, in the case under consid
eration, 0.467477X4850 = 2267.26. This excess would logically
also pass into the fund for contingencies mentioned before, so that
means will be provided for meeting losses from obsolescence when
they do occur.
120
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Other Methods

of

Depreciation

As stated in an earlier paragraph, the unit-cost method of
depreciation has not acquired so far a prominent position in
practice, which is equivalent to saying that other methods are
ordinarily used to calculate the amount of depreciation chargeable
to each year. However, considering as one of the first principles
of any theory of depreciation the one underlying the unit-cost
method, namely that the depreciation should be so distributed
over the life of an asset as to make the unit cost of output the
same for each year under average, normal conditions, then it
appears proper, in view of the closeness with which the unit-cost
method as here presented fulfills that requirement, to use it as a
basis for comparison with other methods.
The straight-line method requires that an equal amount be
charged off to depreciation each year, so that, if the same symbols
as before are made use of,
D1=D2= . . . Dn=C-S/n
(13)

Its simplicity is its main advantage. It does not take into ac
count the periodical output nor any factor with a bearing on
operating costs. It may prove somewhat more useful for non
manufacturing enterprises than for factories. One of its chief
disadvantages, common to most depreciation methods except the
unit-cost method, would appear to reside in its rigidity, not allow
ing for any variations in a year’s working totals, except by special
adjustments. It will seldom, and then only by pure chance,
strictly meet the requirements of the above principle.
A comparison with the results furnished by the unit-cost
method for the problem described before is given below.

D3 =

Straight-line
method
(a)
1620.00
1620.00
1620.00
1620.00
1620.00

Unit-cost
method
(b)
1929.90
1926.40
1551.40
1719.40
972.90

8100.00

8100.00
121

Difference
a—b
309.90
306.40
68.60
99.40
647.10

715.70
715.70

%of b
16.0
15.9
4.4
5.8
66.6
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The comparison reveals that three years are underburdened
and that it is to a large extent the last year which makes up for
the deficiency of the three years’ charges by a corresponding
overburdening.
The reducing-balance method uses a fixed percentage like the
straight-line method, but instead of relating to the original
amount of total wearing value, the rate is applied to the successive
book values.
If X denotes the unknown rate, then C will evidently reduce to
C— Cx=C(1 — x) by the end of the first year, to C(l— x) —
C(1 — x)x = C(1 —x)2 by the end of the second year, and so on, and
by the end of the rth year to C(l—x)r. At the end of the useful
life there must accordingly be written off C(l— x)n = S, the scrap
value, whence

It is obvious that with C and n given the value of x depends
solely upon the scrap value S. This circumstance exposes the
plan to the objection that the percentage to be used depends too
much upon the otherwise trivial choice of a scrap value; the larger
this value, the smaller will be the percentage x. However, the
general course of the method’s results, namely that the burden of
depreciation is made heavier for the earlier years than for the
later years, is not affected thereby. This would seem to harmo
nize with the trend of things in general than the reverse course.
An article usually loses with age some of its efficiency, thus entail
ing increased operating expenses. Hence higher charges for the
beginning than for the end periods are necessary in order to
equalize production costs. If this were not so, an asset could be
indefinitely continued in service, being merely subject to depre
ciation due to obsolescence. Whether or not the reducing-bal
ance method will therefore work in closer agreement with the unit
cost principle is a question that can not definitely be answered—
not only are the annual charges dependent on the value obtained
for x in each individual case, but they also follow a rigid course,
independent of actual operating results. The yearly deviations
in certain cases may be as large as under the straight-line method.
In order to eliminate the element of arbitrariness introduced
with the selection of the scrap value S in determining x, use is
sometimes made of a substitute of the reducing-balance method,
which carries out the same general principle of greater deprecia122
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tion for the earlier years with a gradual decrease during the later
periods. A continual reducing fraction is determined which
has as its denominator the sum of the figures of the asset’s life

, and as numerator for the first year n, the second year n — 1,
etc., so that

Table of comparison on the basis of the same problem as before,
= 28.26% for the reducing-balance method,

= 540 for the substitute method

D1=1000X28.26
D1 =
5 X540
D2=7174X28.26
D2 =
4 X540
D3=5146.63X28.26
D, =
3 X540
D4=3962.20X28.26
D4 =
2 X540
D5 =2648.79X28.26
D5 =
1 X540

Red.-bal. Substitute Unit-cost
method
method
method
(a)
(b)
(c)
=2826.00
1929.90
2700.00
= 2027.37
1926.40
2160.00
= 1454.43
1551.40
1620.00
=1043.41
1719.40
1080.00
= 748.79*
972.90
540.00

8100.00

8100.00

8100.00

Difference

a—c
896.10

% of c
46.4

100.97

5.2

96.97

6.2

675.99

39.3

224.11

23.0

997.07
997:07

b—c

% of c

770.10

39.8

233.60

12.1

68.60

4.4

639.40

37.2

432.90

44.5

1072.30
1072.30

The deviations are quite pronounced, too.
The sinking-fund method requires that the annual depreciation
be made equal to an annuity which will accumulate by the end
of the life period of the article, at a given rate of compound inter
est, to the total wearing value. A year’s burden is therefore com-

posed of two parts: the uniform contribution C-S/Sn, and the inter-

est on the accumulated amount as of the beginning of the year.
Hence, as this interest accretion becomes more important from
year to year, because of the gradual increase of the accumulated
amount, the method provides the smallest burden for the first
* Increased by 24 cents.
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and the largest for the last year, the opposite of the results under
the reducing-balance method. The charge for the rth year is
expressed by

Table of comparison, based on the problem used before:

D1 =
D2 = 1465.90X1.05 =
D3 = 1539.19X1.05 =
D4=1616.15X1.05 =
D5 = 1696.96X1.05 =

Sinking-fund Unit-cost
method
method
(a)
(b)
1465.90
1929.90
1926.40
1539.19
1551.40
1616.15
1719.40
1696.96
972.90
1781.80

8100.00

8100.00

Difference
a — b % of b
464.00 24.0
387.21 20.1
64.75
4.1
22.44
1.3
808.90 86.2

873.65
873.65

The results obtainable under this plan seem to be even more at
variance, in general, with those of the unit-cost method than the
values furnished by the other methods described. Utmost dis
cretion should be exercised in its application.
Results of the same general trend are secured under the annuity
method, often also called compound-interest method, although
the sinking-fund plan as well contains the operation of compound
interest as an element. A comparison with unit-cost values
would not disclose any new points.
The production method would seem to come nearer the unit-cost
principle than any of the other methods. The two should not be
confounded, however; there is a distinct difference between them,
at least so far as the unit-cost method defined in this paper is con
cerned. Under the production method the life of the asset is
estimated in terms of production units instead of years or months,
and depreciation is written off in proportion to the output. A
depreciation charge per unit is determined by dividing the
amount to be written off by the number of units of output that
the asset is expected to turn out. This unit charge is then multi- ,
plied by the number of units produced in a given period, to ascer-'
tain the corresponding depreciation charge, which for the rth year
is given by
124
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The plan provides flexibility with regard to output; it does not
however consider at all the operating costs which do not remain
constant but usually increase with the age of an asset, as already
pointed out. Herein lies the fundamental and possibly important
difference from the unit-cost method. Overcharging or under
charging of an accounting period may as well occur under this
plan, although probably to a somewhat less extent, as under any
of the other methods mentioned.
Table of comparison on the basis of the same problem as before:

Dr = 1.6701X1000=
D2= 1.6701X1000=
D3 = 1.6701X 950=
D4=1.6701X1000=
D5 = 1.6701X 900=

Production Unit-cost
cost method method
(b)
(a)
1670.10
1929.90
1670.10
1926.40
1551.40
1586.60
1670.10
1719.40
972.90
1503.10
8100.00

8100.00

Difference
a—b
%ofb
259.80
13.5
256.30
13.3
35.20
2.2
49.30
2.8
530.20
54.5
565.40
565.40

For the purpose in view this list of methods of depreciation,
or plans of spreading the total amount to be written off over the
useful life of a depreciating asset, will probably suffice. In con
clusion it may be stated that only the unit-cost method properly
takes into account a varying intensity of service, both with regard
to quantity of production and operating expenses. Doing this
means that there will be no overburdening or underburdening of
the individual accounting periods, as under other depreciation
plans which is not even apparent in the majority of cases. By
means of the unit-cost method greater financial stability of a
company may be assured.
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